The co-liquefaction of Salix psammophila and Victory lignite was investigated in the sub/supercritical ethanol system. Some factors which could influence the co-liquefaction reaction, such as the Salix psammophila and coal mass ratio, reaction time, reaction temperature and the amount were tested with the single-factor test method. The changes of liquefied product composition and liquefaction residue with the increase of reaction time were analyzed by means of infrared analysis, thermo gravimetric analysis and XRD. The results have shown:①When the quality ratio of salix psammophila and Victory lignite was 50:50 reaction, the temperature was 290 ℃, the reaction time was 90 min, anhydrous ethanol and volume was 60 ml, the highest conversion rate could reach 66.65%, the highest of oil yield was 42.59% and the asphaltene (A + PA) was7.88%.②The Victory lignite would not be fully liquefied under the conditions of the reaction, Salix psammophila played a certain promoting role in the Victory lignite liquefaction process.1
INTRODUCTION
China is rich in coal resources, which plays an important role in improving the national economy. With a massive coal mining, China's high-quality coal resources are gradually reduced, and brown coal resources are rich but inadequately used. From the perspective of industrial energy prices and national security, it is of a very great social and economic significance to use the rich reserves of brown coal resource in an efficient way. However, the direct liquefaction process of coal produces a large amount of residues containing a high percentage of carbon, ash and sulfur, as well as a small amount of liquefied oil [1] . Biological Salix psammophilais a kind of natural biological materials. Owing to its biological feature of even stubble rejuvenation, a large number of Salix psammophila timbers can be obtained each year. Although the Salix psammophila has been liquefied or pyrolyzed by many researchers to produce adhesives and injection molding materials, the resource of Salix psammophila has still been massively wasted [2] . Supercritical liquefaction is a pressurized liquefaction process in which the solvent is in a supercritical state and forms a supercritical fluid [3] . The supercritical ethanol has a dielectric constant close to be the organic solvent and is highly capable of dissolving the most organic substances.
According to the existing research, it was revealed that a relatively high rate of conversion could be achieved when the psammophila was liquefied under a condition of supercritical polyhydric alcohols. Therefore, this paper takes the Victory lignite and Salix psammophila as the raw materials to be used for the study on liquefaction in subcritical/supercritical ethanol and investigate the various factors in the co-liquefaction of Victory lignite and Salix psammophila under a condition of Subcritical and Supercritical ethanol.
MATERIALS AND METHOD

Materials
Salix psammophila is from Erdos. The Victory lignite is from the northern suburb of Xilinhot. Anhydrous ethanol, n-hexane, tetrahydrofuran, (analytically pure, Tianjin Fengchuan Chemical Reagent Technology Co., Ltd.). WHF-0.1 type magnetic stirring reaction (Shandong Weihai Self-Control Reaction).
Liquefying Method
According to the dosage as required, Victory lignite, Salix psammophila and ethanol are put into WHF-0.1 type magnetic stirring reaction. They are cooled quickly down to the room temperature after the reaction temperature being set and the reaction being kept for a certain time.
Product Separation and Analysis
The liquid-phase product is extracted with n-hexane to obtain a solution which is then subjected to rotary evaporation to obtain a liquid-phase product. It is defined as oil and weighed to determine its mass (MOil). Then the insoluble substance is extracted with tetrahydrofuran to obtain a solution which is then subjected to rotary evaporation to obtain a liquid-phase product. It is defined as as phaltene (A + PA). It can be seen from figure 1that the highest conversion rate of oil yield is reflected, when the quality of Salix psammophila and coal is 50:50. When Victory lignite quality is over 50%, oil conversion rate significantly decline to 49.15%.Mainly because the Salix psammophila is composed of hemicellulose, cellulose and lignin, containing high percent of hydrogen and the hydrogen can provide Victory lignite pyrolysis into liquefied oil with large amounts of hydrogen radical to promote coal liquefaction into stable liquid products. This can be explained that the addition of Salix psammophila can have a certain synergistic effect on the liquefaction of Victory lignite.
EFFECTOF REACTIONTIMEONCO-LIQUEFACTION
By figure 2, in the reaction period of 30-90 min, the conversion and oil yield is an obvious rising trend. The asphaltene yield increase significantly after 90 min. At the beginning of the reaction, the weaker chemical bonds rupture and produce small molecular weight of free radicals. With the extension of reaction time, the stronger bonds break to form liquid product. When the concentration of oil molecule became higher, it will produce more condensation and polycondensation reaction, a reunion for macromolecular substances. Asphaltene yield also produce a series of side reaction to make many small molecular combine each other, which reduced oil formation. Generally, 90min is the best time. 
EFFECT OF REACTION TEMPERATURE ON CO-LIQUEFACTION
It can be seen from figure 3, within the research temperature, oil production rate and asphaltene rate rise with the temperature. It means that the higher the temperature is the more intense the thermal cracking reaction become. In the reaction, the cracking reaction increased as the temperature goes up. When the reaction temperature is low, the raw materialspyrolyze to get the asphaltene. With the increase of temperature, asphaltene and pre-asphaltene further crack into smaller fragments of the free radicals. Free H contributed to form stable oil. When the reaction temperature increases to a certain value (about 290℃ under this experimental condition, most of the biomass degradation reactions occurred and hydrogen supply decreases, the original generated asphaltene and former oil and asphaltene molecules of free radical fragments polycondensation reaction will happen, the conversion rate changed little and the oil yield drops ). When the temperature rises from 240℃ to 290℃, a total of liquefaction oil yield can increased by 30.01%. This shows that the presence of Salix psammophila can help to perform better reaction under relatively mild conditions. Therefore the experimental conditions is at 290℃.
FT-IR Spectra Analysis
FTIRSPECTRAOFLIQUEFACTIONRESIDUEANDLIQUIDPHASEPRODUCTS
It can be seen from figure 4 that compared with Victory lignite FT-IR spectrum, the absorption peak position and shape of solid particles are roughly same as those, but the content is different. It can prove that under is condition, the raw materials is still not completely finished, there are still some value [4] . As shown in figure 5 and figure 4 , Victory lignite, liquefied oil and asphaltene within 3200-3500cm-1, there is a wide absorption peak and the reaction product of absorption peak weakened, because hydroxyl hydrogen bond association. Victory lignite, liquefied oil and asphaltene still contain more hydrogen bond. From the peak, the content of the liquefied oil hydrocarbon is more than asphaltene content. In the range of 2700-2900cm-1, the liquefied oil and asphaltene have obvious double absorption peaks, which indicate that they contain a certain amount of saturated naphthene or fatty hydrocarbon side chains. A large number of peaks appear in the range of 1750-1600cm-1 with liquid oil and asphalt and solvent ethanol. This is the vibration peak caused by the expansion vibration of the carbonyl group, which indicate that the product contains a large number of hydroxyl groups. The peaks in the range of 900-700cm-1 indicate that there is a long chain of saturated hydrocarbons, and there is no Victory lignite or liquefied residue [5.6] . It can be seen that the liquefaction condition adopted in this experiment is not able to convert the asphalt into liquid oil completely. 
FT-IR SPECTRAOFTHREEKINDSOFLIQUIDPHASEOIL
As shown in Figure 6 , the main components of co-liquefied tar and Salix psammophila liquefaction tar and Victory lignite liquefaction tar are roughly similar, the peak and shape of absorption peak are similar too. Although the main functional groups have not changed much, the content is different.
It can be seen from figure 7, Salix psammophila liquefied oil and liquefied oil, compared with 3400 cm-1 is nearby phenols and alcohol -OH or N -H functional stretching vibration absorption peak, near 2900 cm-1 is aliphatic or aliphatic side chain methyl and methylene C -H key stretching vibration area, near the 1700-1500 cm-1 is aromatic hydrogen bond association -C = C frame structure vibration absorption peak, 1270 cm-1 is near -1 -C -O and bending -C = O stretching vibration area, 700-600 cm-1 mainly aromatic structure of C -H plane bending vibration area.The above absorption peak shows that liquid oil mainly contains fatty and aromatic ring compounds. The presence of Salix psammophila promoted the Victory lignite liquefaction reaction, which is advantageous to the coal liquefaction oil phenolic hydroxyl, ether bond and oxygen-containing heterocyclic cracking, and reduce total species of liquefaction oil fat compounds, on the other hand, Salix psammophila provided by H· and OH, occupy the active free radicals in coal liquefaction aromatic structures easily, prevents the crosslinking and polymerization reactionin the process of coal liquefaction, and make the total aromatic ring increased [7] . In addition, the existence of hydrogen generation liquefaction by Salix psammophila, prompt long chain alkane further to crack into small molecular weight of alkane or other substances, which could concluded that Salix psammophila improve the quality of liquefaction oil. To a certain extent, Salix psammophila is conducive to the quality of liquefied petroleum products [8] . Figure 7 shows that with the increase of liquefaction time near 2θ= 16 ° and 2θ=22 °, the cellulose (101) and (002) crystal plane diffraction peak intensity weakened even disappeared. There is a new diffraction peak near 2 theta = 36 °, because the liquefaction reaction made of cellulose in glucose units are destroyed, (002) crystal plane diffraction intensity reduced. Near 2 theta = 36 °, (040) crystal plane diffraction intensity increased [9.10] . Compared with raw coal XRD curve, except a series of diffraction peak produced by Salix psammophila liquefaction, there is no obvious diffraction peaks appear and disappear [4] . It is proved that Victory lignite liquefaction is still not complete even though adding Salix psammophila to it. 
XRD Analysis
Scanning Electron Microscopy (SEM) Analysis
From figure 8, after the reaction, compared with raw materials (a, b) the residual debris (c, d, e) began to reunite, and the surface of the residue (c, d, e) was smooth, and the particles of the residue (c, d, e) became larger, and the boundary between them is not obvious. Comparison results show that liquefaction residue (c, d, e) is loose and broken. In the presence of this Salix psammophila, surface of residue(c, d, e) become rough, and harden degree weaken. This is mainly because Victory lignite is composed of aromatic nuclear structure unit. Victory lignite is easy to liquefy. Salix psammophila provide hydrogen for Victory lignite liquefaction and prompted the coal to oil liquid product [11] . 
Mutual Effect Curve of Salix Psammophla and Victory Lignite Liquefaction
This figure 9 shows the difference between the actual and theoretical pyrolysis conversion rate (the theoretical conversion rate is the weighted average of the single pyrolysis conversion rate).When the difference is positive, it shows that the conversion rate of the mixture pyrolysis is greater than the theoretical conversion rate .What we can read from this picture is the conversion rate of the pyrolysis of the mixture is greater than that of the theoretical calculation. According to the slop of the curve ,we can see that when the slope is positive, the instantaneous conversion rate of the temperature is higher than the theory, which means that the mixed pyrolysis at this temperature is synergistic .On the contrary, it is inhibitory .We can see from the figure 9 that the synergistic range of the pyrolysis of the mixture is 200-390℃ and 800-1100℃.This two stages are corresponding to the rapid pyrolysis stage and the coke pyrolysis stage (the product is mainly ash) of Salix respectively ,and this result shows that The volatiles and the ash minerals which were produced in the pyrolysis process of Salix have promoted the pyrolysis of Victory lignite .It can be deduced that in the range of 200-290℃,the pyrolysis of Salix has promoted the liquefaction of the mixture.
CONCLUSIONS
Lignite and Salix psammophila as raw materials in supercritical ethanol system under the optimal conditions of: Whenthe quality ratio of salix psammophila and Victory lignitewas 50:50 reaction, the temperature was290 ℃, the reaction time was90 min, anhydrous ethanol and volume was60 ml, the highest conversion rate could reach 66.65%, the highest of oil yield was 42.59% and the asphaltene (A + PA) was 7.88%.
The infrared spectrum analysis of Victory lignite, Salix psammophila, liquid residue and liquid phase products proves that the addition of Salix psammophila was beneficial to the light aromatics of common liquefied petroleum products. Salix psammophila as a hydrogen source in the process of liquefaction, oxygen containing functional groups vibration peak increased.Mainly occurs the falling of alkyl side chain, ring opening and condensation reaction of aromatic ring structure, and improving the quality of the liquefied oil. XRD of the raw coal and the liquefaction residue shows that the lignite will not be fully liquified under the conditions of the reaction. According to SEM, the residue is loose and broken. In the presence of Salix psammophila, the surface of residue become rough and harden degree weaken. Salix psammophila provide hydrogen for Victory lignite liquefaction and prompted the coal to oil liquid product.
